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Together, the findings of Ye et al. and 
Junge et al. advance our understanding of 
the spatial regulation of Norrin/β-catenin 
signaling in the retina. Given that Wnt/β-
catenin signaling plays a central role in 
self-renewal and tissue regeneration in 
adult tissues, could Norrin/β-catenin sig-
naling be involved in adult degenerative 
retinal vascular diseases such as diabetic 
retinopathy? Given that Norrin, Frizzled-4, 
Lrp5, and Tspan12 are still expressed in 
the postnatal retina, it may be possible 
to target the Norrin/β-catenin pathway to 
boost vascular regeneration in the eye. 
Such a strategy may open a new avenue 
for the treatment of the debilitating con-
sequences of diseases like diabetes.
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Secreted Wnt morphogens mediate cell-cell communication, but the mechanism of Wnt transfer 
between cells is unknown. Korkut et al. (2009) report that the transmembrane protein Evi is a 
versatile carrier that guides Wingless to presynaptic terminals of motor neurons and then escorts 
it across the synaptic cleft. In postsynaptic muscles, Evi promotes Frizzled-2 trafficking.Morphogens of the Wnt family provide 
critical positional information to cells 
during development (Logan and Nusse, 
2004). In the nervous system Wnts play 
a role in axon pathfinding, dendritic 
development, and synaptogenesis, and 
defects in neuronal Wnt signaling are 
linked to neurodegenerative and cog-
nitive disorders (Korkut and Budnik, 
2009). Wnts are lipid-modified glycopro-
teins that activate a number of different 
pathways. Although we have a substan-
tial understanding of the signaling cas-
cades activated in Wnt-receiving cells, 
mechanisms controlling the secretion 
and subsequent dispersal of Wnt pro-
teins have remained largely obscure. 
Three groups recently provided insight 
into the mechanism of Wnt traffick-ing through the identification of the 
conserved multipass transmembrane 
protein Evenness Interrupted/Wntless/
Sprinter (Evi/Wls/Srt). Evi mediates bidi-
rectional trafficking of Wnt-1/Wingless 
(Wg, the fly Wnt homolog) between the 
Golgi and the plasma membrane (Good-
man et al., 2006 and reviewed in Ching 
and Nusse, 2006). In this issue of Cell, 
Vivian Budnik’s group demonstrates 
that Evi is also involved in transporting 
Wnt to and across the synaptic cleft of 
the Drosophila neuromuscular junction, 
and in the trafficking of the Wnt recep-
tor dFrizzled-2 in postsynaptic muscle 
cells.
Previous studies by this group 
showed that Wnt signaling is critical for 
neuromuscular development in Droso-Cell 139phila. In this system, activity-depen-
dent Wg secretion from motor neuron 
terminals induces the Frizzled nuclear 
import pathway in the postsynaptic 
muscle cells (Korkut and Budnik, 2009; 
Figure 1). In this pathway, Wg signaling 
promotes the internalization, cleavage, 
and nuclear import of the Wg receptor 
dFrizzled-2 in Wg-receiving cells. The 
trafficking and nuclear import of dFriz-
zled-2 depends on a PDZ-domain pro-
tein called dGRIP.
Due to their hydrophobic nature, Wnts 
associate tightly with membranes and 
consequently do not diffuse in the extra-
cellular milieu without assistance. How, 
then, does Wnt traverse the synaptic 
cleft of the neuromuscular junction? Pre-
vious studies proposed several different , October 16, 2009 ©2009 Elsevier Inc. 229
mechanisms for the regula-
tion of Wnt diffusion, such as 
association of Wnt with pro-
teoglycans of the extracellu-
lar matrix (Baeg et al., 2001), 
secretion of exosome-like 
vesicles termed argosomes 
(Greco et al., 2001), forma-
tion of lipoprotein particles 
(Panakova et al., 2005), and 
transcytosis driven by the ret-
romer complex (Coudreuse et 
al., 2006). The finding that Evi 
associates with Wnt in non-
neuronal cells suggested a 
number of possible routes for 
Wnt secretion. Evi may not 
only escort Wnt during intrac-
ellular trafficking but may also 
facilitate association of Wnt 
with intra- or extracellular 
lipoprotein particles (Haus-
mann et al., 2007). Alterna-
tively, Evi itself could be an 
intra- and extracellular carrier 
for Wnt through secretion of 
Evi/Wnt-containing vesicles 
similar to the secretion of 
exosomes via multivesicular 
bodies. Using a combination 
of genetic, molecular, and 
imaging approaches, Korkut 
et al. now demonstrate that 
at the Drosophila neuromus-
cular junction, Evi acts as a 
carrier for Wnt both within 
presynaptic neurons and via 
Evi-containing vesicles that 
transport Wnt across the synapse.
The authors first observed that at 
Drosophila neuromuscular junctions, 
the phenotypes of evi and wg mutant 
synapses are very similar. Wild-type 
axons form knoblike enlargements 
called boutons where they synapse 
with target muscle cells. In both wg and 
evi mutants, neuromuscular junctions 
show an abnormal morphology that 
includes fewer synaptic boutons and 
an increased number of partially differ-
entiated “ghost boutons.” In addition, 
evi mutants exhibit an abnormal accu-
mulation of Wg in the somata of motor 
neurons and much reduced Wg levels 
at the neuromuscular junction. Evi itself 
is found on both sides of the synapse—
in both the presynaptic motor neurons 
and the postsynaptic muscle cells. 
Only presynaptic expression, however, 
is required for maintaining normal Wg 
levels both presynaptically and post-
synaptically. These observations sug-
gest that Evi may act in the presynaptic 
cell (the motor neuron) to facilitate Wg 
secretion and movement through the 
synaptic cleft to the postsynaptic mus-
cle. Consistent with this idea, when 
the authors specifically knocked down 
expression of Evi in Drosophila motor 
neurons, they observed lower Evi lev-
els both pre- and postsynaptically. Fur-
thermore, an Evi-GFP transgene that is 
expressed solely in motor neurons was 
also found in the postsynaptic muscle 
in association with Wg, confirming that 
Evi transfers Wg from the pre- to the 
postsynaptic membrane (Figure 1). 
Interestingly, this transfer also occurs 
among cultured Drosophila 
S2 cells, suggesting a uni-
versal Evi-dependent mech-
anism for Wnt/Wg transfer 
among cells.
Further immunoanalysis us-
ing antibodies directed against 
the N and C termini of Evi pro-
vided evidence that Evi pro-
tein remains intact during its 
synaptic translocation. Korkut 
et al. observe Evi in both pre- 
and postsynaptic membranes 
and the synaptic cleft. Post-
synaptically, they find Evi in 
close association with mem-
brane folds of the subsynap-
tic reticulum and inside ~200 
nm vesicles in the lumen of the 
reticulum. In presynaptic bou-
tons, Evi accumulates in large 
multimembrane vesicles remi-
niscent of multivesicular bod-
ies and exosomes.
Intriguingly, muscle-pro-
duced Evi is also required for 
Wnt signaling in postsynap-
tic cells, where it is required 
for the Frizzled-2 nuclear 
import pathway. Through 
a mechanism that remains 
to be elucidated, Korkut et 
al. show that in Drosophila 
postsynaptic muscle cells, 
Evi controls the localization 
of dGRIP to the membrane 
(Figure 1). dGRIP localization 
is likely critical for dGRIP-
dependent nuclear import of Frizzled-2 
after activation by Wg.
In conclusion, Evi appears to be a 
versatile carrier of the Wnt-1/Wg sig-
nal: presynaptically expressed Evi 
guides Wg through the secretory path-
way of the motor neuron and ferries it 
over the synaptic cleft. Postsynapti-
cally expressed Evi guides the secre-
tory passage of dGRIP to the muscle 
membrane, which is critical for trans-
ducing the Wg signal to the nucleus of 
the postsynaptic muscle. The extent to 
which Evi of pre- and postsynaptic ori-
gin may cooperate during dFrizzled-2 
activation and subsequent endocyto-
sis remains to be determined. Future 
work will also be needed to resolve 
whether Evi is merely a vehicle of 
Wnt-1/Wg signaling or a masterful 
figure 1. Trans-synaptic Wingless Transport
At the neuromuscular junction of Drosophila, presynaptic motor neurons 
produce Wingless (Wg, the fly Wnt homolog; red) and signal to postsynaptic 
muscle cells via the Frizzled-2 (Fz2, purple) Wg receptor. Evi of presynaptic 
origin (pre-Evi, light blue) is required for the intracellular trafficking of Wg from 
the neuronal cell body to the presynaptic terminal, and for subsequent secre-
tion and diffusion of Evi/Wg-containing vesicles across the synaptic cleft. In 
the postsynaptic muscle, Evi of postsynaptic origin (post-Evi, dark blue) is 
required to transport GRIP (green) from the Golgi to the postsynaptic mem-
brane. After activation of Frizzled-2, GRIP participates in the trafficking of 
Frizzled-2 before it is proteolytically cleaved and imported to the nucleus.230 Cell 139, October 16, 2009 ©2009 Elsevier Inc.
director of a well-orchestrated “tour 
de synapse” that integrates intra- and 
perhaps extracellular signals from 
other pathways to guide the Wg signal 
from cell to cell.
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ABRC (0820).In 1890, the German scientist Altmann 
observed mitochondria in tissue sec-
tions from mouse liver and coined 
the term Elementarorganismen, as he 
thought he had found free-living organ-
isms inside the nucleated cell (Altmann, 
1890). We know today that mitochondria 
are not independent at all, despite hav-
ing their own genome. Instead, they rely 
on a large number of nuclear genes for 
their function (Falkenberg et al., 2007). 
Mammalian mitochondrial DNA (mtDNA) 
is a circular, double-stranded DNA mol-
ecule of ?16 kb that only encodes 13 
proteins, essential subunits of the oxi-
dative phosphorylation system. The 
remaining ?1500 mitochondrial proteins 
are encoded in the nucleus, including 
all proteins needed for replication and 
expression of the small mtDNA genome 
(Falkenberg et al., 2007). In this issue of 
Cell, Lee et al. (2009) present the struc-
ture of the human mitochondrial DNA 
polymerase (POLγ), a nuclear-encoded 
structure casts
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heterotrimeric enzyme that replicates 
the mtDNA genome. The structure of 
POLγ provides insight into the function of 
a unique spacer domain involved in pro-
cessivity and subunit interaction. Muta-
tions in the POLγA subunit are a frequent 
cause of disease, and the Lee et al. study 
now provides a basis for classifying and 
understanding such mutations. Finally, 
the structure will facilitate the develop-
ment of antiviral nucleoside analogs that 
do not affect mtDNA maintenance.
The structure of human POLγ at 3.2 
Å resolution (Lee et al., 2009) is a valu-
able advance as the molecular machin-
ery required for mtDNA replication is 
not well understood (Figure 1). As the 
authors report, crystallization of POLγ 
was not straightforward and required the 
use of mutant versions of both the cata-
lytic (POLγA) and accessory subunits 
(POLγB). The structure shows that POLγ 
is an asymmetric heterotrimer (AB2), 
where only one of the POLγB subunits 
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forms extensive contacts with the POLγA 
monomer. These findings are in good 
agreement with a previously published 
crystal structure of POLγB at 2.2 Å reso-
lution (Carrodeguas et al., 2001) and with 
an electron microscopic surface map of 
the POLγ holoenzyme (Yakubovskaya et 
al., 2007). Although the POLγA subunit 
folds into a “right-hand” conformation, 
typical of other polymerases, it contains 
a unique spacer domain that is absent 
from other DNA POL I family members. 
The X-ray structure reveals that part of 
this spacer region belongs to the thumb 
subdomain of the right hand. The spacer 
folds into two subdomains: a globular 
domain associated with intrinsic proces-
sivity (IP) and an accessory subunit-inter-
acting domain (AID). The IP subdomain 
interacts with the primer-template DNA 
complex and helps to explain why POLγA 
remains relatively processive even in the 
absence of the POLγB subunits. The AID 
contacts one of the two PolγB subunits. 
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